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ABSTRACT

The paper presents in the form of users' manuals, a descrip-
tion of two conversational languages for use on a direct-access time-
sharing computer, The languages are designed for control-theoretic
applications, The first language is a matrix manipulation language,
The second is designed to simula‘e linear dynamic systems and to
solve the associated Riccati equations. Further applications are also
possible, Each manual includes detailed examples of the usage of the

languages.



INTRODUCTION .

Since the advent of the high-level scientific programming lan-
uages, much attention has been devoted to devising languages which
are to an ever-increasing degree user- and problem-oriented. If we
limit our attention to languages which are useful from the control
theory point of view, it is obvious from the amount of work alreadv
accomplished that wha! we might call the 'basic' languages, Fortran,
Algol, Mad, and so on, are irsuificiently specialized for many pur-
poses. Generally speaking tnc more restricted the class of problems
to be solved, the requirements expected of a language are increased
ease of use, and increased =speed of problem specification (with the
assumption of course of more detailed theoretical knowledge), As a
penalty the user must be prepared to accept longer times for translation
into machine language, and in some cases longer execution time,

To describe the operation of a specialized language it is con-
venient to define the following hierarchy:

Level I: basic machine instructions

Level II: symbolic assembly : MAP, TAP, etc,

Level ITI: 'basic' scientific : Fortran, Algol, etc,

Level IV: specialized scientific,
Most of the processors for the specialized, or Level IV languages are
written in Level III or mixed Level II / Level III languages, to which
the former appear as data, This data determines sets of options on
computational procedures contained in the processor which perform
the tasks required by the user. Because of this structure it is possible

to use the processor in a version precompiled to a Level I stage, and



run the program under the standard Operating System for the user's
particular machine,

A number of languages exist for system simulation. Some of
these [1, 2] are designed to present the digital computer to the user
as a pseudo-analogue computer, Programming consists mainly of
the tabulation of analogue computation blocks and their interconnexions,
Other systems simulators consist more of Fortran-like statements [3].

Some languages are directly oriented towards the solution of
differential equations, though most of these can barely merit the title
of language in spite of having the processor structure outlined above.

GPSS III [4] is a language oriented towards queueing theory.
Probably one of the most important languages from the control point
of view is ASP [5], which is a language for the manipulation of matrices
and the solution of matrix equations,

Recently the introduction of direct access time-sharing computer
systems has made the usage of specialized languages more attractive
because they can take on a simple question-answer or command-response
form, Little or no software of this type is available at the moment: the
motivation for the development of the languages described in this report
was the partial filling of this software gap.

The remainder of this paper is divided into two parts, each
part being in effect a user's manual for the language described. The
languages are intended to be used both as research and as educational
tools, The processors were written in ¥ ortran II for the SDS 940
Time-sharing System at the Harvard University Computation Laboratory.

Their object language versions operate normally under the Fortran




Operating System. The processors are to some extent machine depend-
ent, but little labour would be involved in adapting them to other systems
of a similar type.

PART Idescribes a language for the manipulation of matrices.
Most of the usual matrix operations can be carried out, rather in ~he
same way as one might carry out scalar operations on a desk calculator,
Operations are carried out one at a time, the intermediate results being
stored for later re-use,

PART 1II describes a language to be used for the simulation of
discrete linear systems; for the solution of the Riccati equations for
such systems and the calculation of feedback gains;, and for the dis-
cretization of continuous linear systems. The simulation of linear
stochastic systems and the solution of variance equations are also
possible;, by trickery even more may be feasible, The language is
dignified by the name CLOSE.

The two languages have been designed to be mutually compatible
in the sense that that matrices stored on disk file from one language
may be used directly in the other. Any shortcomings in the languages
are mainly due to lack of computer storage space which has severely

limited the sophistication of the processors,

DISCLAIMER,

Copies of the processor are obtainable from the authors. Whilst
every effort has been made to eliminate errors and keep documentation
of modifications up to date, the authors give no guarantee that the cur-
rent versions of the processors will run correctly according to the
manual under every eventuality. At the same time the authors would

be glad to receive notice of errors and suggestions for improvement,
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PART 1

A MATRIX MANIPULATION LANGUAGE



MATRIX MANIPULATOR

Version (110-2)

1. INTRODUCTION.

The Matrix Manipulator, abbreviated to MM, is a Fortran II
program written for the SDS 940 system to operate under the Executor
FOS. It allows various matrix operations on up to 60 matrices; the
maximum size of a matrix is limited to 10 by 10. No knowledge of
Fortran is required. Any number of operations can be performed in
any order; up to 6 matrices can be stored on files for later use in the

same or different programs.

2. DESCRIPTION.

The program is available on the Library file MAT. which can be
loaded directly under FOS. The Manipulator also requires the loading
of the Library file FTL. The command ;G then passes control to MM.

The sequence  finstructions is as follows:

@FOS.®

LOAD MAIN PROGRAM ®

FROM FILE MAT. (LIBRARY)®
LOAD SUBPROGRAMS ®

FROM FILE FTL. (LIBRARY)®
LOADING COMPLETE ®

659 WORDS OF STORAGE UNUSED ®
+HG@®

The standard convention is followed that portions typed out by
the computer are underlined. The symbol ® represents a carriage
return. The user himself types out the portions not underlined. MM

then types:

MATRIX MANIPULATOR (110-2)

The symbol < typed immediately after a carriage return, and followed

by two dings on the bell indicates that MM is waiting for a command. At
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present one can converse with MM using any one of about twenty different
commands described in the following sections. Matrices and scalars
used in the program are defined by a two-character name. The name
".."is reserved for a special matrix where results of operations are

stored. Apart from this there is no restriction on the names of the

variables.

3. COMMANDS.

There are two types of commands; defining commands which
set up the names of the variables and their dimensions, or manipulate
the list of existing names; and executable commands which carry out
matrix operations or handle input and output. Only the first three
letters of a command need be typed out, the others being optional. In
the description given below these three letters are capitalized.

3.1. Defining Commands.

The general format for a defining command, with one exception,

is

S_{c:ommand}@
There are four different commands:
(i) < MATrices ®
This command is used to name and define the sizes of a list of matrices
of any length up to the capacity of MM. After the carriage return MM
signals by a double bell that it is waiting for the list to be typed in.
Typing ALL instead of a list entry terminates the command and the
list. The general format for a list entry is

{s} =m,n,®
where {s} is any valid two-character name and m, n are the row and
column dimensions of the matrix written as integers. Special care

must be taken not to omit the final comma of each list entry.
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Example:

(i) < _SCAlars ®
This command operates in the same way as the previous one, and is
used to define scalars. The general format of a list entry is:
{s} ,®
Note again the terminal comma. MM treats scalars as 1 by 1 matrices,

and the user himself can treat them so by alternatively defining them as

such in the list of matrices.

Example:

< SCALARS ®
DF,®

G&, ®

ALL®

<

If duplication of variable names occurs, both will be given space

in the ligt a1t Armlar
in ine 1ist ¢ Oha

w tha
Cliay waiv

2]

1
AlLd DL VUL L & TIAL T Las vaa

effective for executable commands.

On first entry into MM, after typing the heading the two above
commands are issued successively by MM, so avoiding any forget-
fulness on the part of the user. Thereafter at any stage in execution
the user may add to his list of variables. When these two commands
have been completed at first entry, MM issues the invitation

START ''1!'®
<

(iii) < LISt®
If the user wishes to check the lists of variables he has defined, use
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of this command will result in MM printing out the complete lists of
all matrices and scalars.

The last command of this type has a slightly different format.
(iv) < {s},oMIt ®
This command is used to delete the variable name {s} from the list in
which it appears. If the command is used to delete a duplicate of a
name from a list, then it results in the first occurrence of that name
being deleted from the list. The matrix ".." cannot be deleted.

3.2. Executable Commands.

The general format of the executable commands (except for the
STOP command) is as follows:
f_{s},{command}® or

f_{ s},{t},{command}@ where {s},{t} are valid
variable names.

The STOP command signals that no more operations are to be carried
out. The format is:

(v) < STOp ®

The words

*STOP* ®
x

are printed out and control is relinquished to FOS.

The remainder of the commands can be divided into two groups;
those whichuse ".." as the standard output variable; and other commands.
The sizes of ".." take on the required values dictated by the particular
matrix operation.

3.2.1. Miscellaneous Commands.

(vi) < {s},REAA®

This command is used to read in the values of a matrix from the typewriter
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console. MM waits for the values to be typed in after giving a double

bell. Input format is standard and is described in the following section.

Example:
< AA READ ® ( AA is a 2 by 2 matrix)
2.1,3.5,®
7.5,0.3,®
=
(vii) < {s},PRInt®

On receipt of this command MM prints out the values of the specified
matrix in the standard format.

(viii) _<_{s},STOre®

This command is used to store the values of matrix {s} on disk

file. The exact sequence is:

< {s},STOrc® where {s} is a variable name
FILE NO = n, ® and n is a file number between
< 1 and 6. See Section 6.

Only one matrix can be stored on each file.

(ix) < {s},L0Ad ®

This command is used to read in the values for matrix {s} from a
specified file. The exact sequence is:

i_{s}’LOAd ®

FILE NO = n,® See Section 6.
<
(x) < {s},{t},EQUate ®

This command is used to copy the values of {s} into {t}. Except where
the second matrix is ".." the two matrices must be of the same :size.
(xi) < {s},NULI®

This command computes {s} equal to zero.

(xii) < {s}, EiGenvalue ®

This command results in the computation of eigenvalues and eigenvectors

for matrix {s}. Their numerical values are printed out as calculated,
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but are not stored. However ".." is used and contains junk at the end

of the calculation. If MM cannot find an eigenvalue the message

COMPUTATION FAILURE ®
<

is printed out and the command terminated.

3,2,2. Commands having ".." as Output Matrix.

(xiii) < {s},{t},ADD ® : computes .. = {s} + {t}
(xiv) _<__{s}, {t}, SUBtract® : computes .. = {s} - {t}
(xv) < {s}, TRAnspose ® : computes .. = {s}T
(xvi) f__{s},NEGate ® : computes = -{s}
(xvii) _f____{s}, {t}, MULtiply ® : computes = {s} - {t}
(xviii) < {s},INVert ® : computes = {s} -1

(xix) f_{s}, {t}, SCAlar multiply ® : computes .. = {s} - {t}
where {t} is a scalar.

(xx) L{s},DIAgonal sum ® : computes = Trace {s}
(xxi) f__{ s},DETerminant ® : computes = Det {s}
Two points are especially to be noted.

(a) If the user attempts to invert a singular matrix, ". .”will be set to

zero, and the following message will appear:

MATRIX SINGULAR, RANK = #®
<

v o n
(b) If the user attempts to find the determinant of a singular matrix,

is set to zero, and the following message will appear:

DETERMINANT ZERO ®
<

A complete directory of commands is given in Section 7.

4. FORMATS.

MM reads and writes all matrices and scalars in a fixed standard

format, both on the typewriter console and on file. While typing in

-



values under the READ command, the user should type in the matrix
row by row. Due to some unfortunate Fortran restrictions, no more
than 4 entries are permitted on any line. Hence when larger matrices
than 4 by 4 are used, each row of the matrix is typed in order, 4
entries per line up to three lines where necessary. Each row must
start on a new line; as an aid, a double bell rings when each row of
the matrix is completed. Each individual entry must take up fifteen
spaces or less and terminate in a comma.

An example showing the input of values to a 2 by 7 matrix is

given immediately below:

Example:
< AA,READ® AA is a 2 by 7 matrix.
1.0,2.0,3.0,4.0,®
5.0,6.0,7.0,® End of row 1
7.0,6.0,5.0,4.0,®
3.0,2.0,1.0,® End of row 2
<

Although it is unnecessary to know the specific output formats, a com-
plete listing is provided for interested users in Appendix I. Standard
Fortran notation is employed, both in typing in the numbers, and in the

Appendix.

5. ERROR MESSAGES.

If the user commits an error MM will either drop out entirely
due to a corresponding Fortran run-time error in the MM executor;
more hopefully an error message will be put out by MM.

(i) WHAT? ®
<

This message is given if MM cannot recognize the command being
input. The command should be repeated correctly. Ifthe error mes-
sage is given during input of a variable list, the current entry only is

ignored, not the whole list.
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(i) TOO BIGQ®

<

This message is given if the matrix just defined in the list is oversize.

(iii) TOO MANY®
<

This message is given either when more than 60 variables have been
defined, or when the total storage required by the defined variables
exceeds that available (1500 locations).

(iv) VARIABLE {s} NOT SET ®
<

This message is given when MM cannot find the variable {s} just used
in an executable command in its list of defined variables.

(v) MATRICES INCOMPATIBLE ®
<

The compatibility of the matrices used in the executable commands is
checked out before the command is executed. If they are found to be
incompatible, execution of the command is stopped and the above mes-

sage is given.

6. FILE HANDLING.

The commands LOAD and STORE require the creation of files
before they can be used. Only files actually used in MM operation need
be defined. If LOAD and STORE are never used this section may be
ignored. The files required must be created separately for each user;
they remain separate for each user, even though the users may take
turns using MM under their own user numbers. The files need only
be created once (unless of course by some mischance they are erased).

The file names MUST take the following form:

/FILEn/
where the integer n corresponds to the integer file number in the LOAD
or STORE command.
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The easiest way to create the files is to type the following
before entering FOS:

@COPY TEL. _TO /FILEn/ NEW FILE._®_+
@

If uncreated files are requested, MM will drop out.

7. DIRECTORY OF COMMANDS

Defining commands:
MATRICES
SCALARS
LIST
OMIT

Executable commands:
STOP

(i) Miscellaneous
READ

PRINT

EQUATE
NULL
EIGENVALUE

(ii) Commands with .. as Output
ADD
SUBTRACT

TRANSPOSE

t The @ not underlined implies that the user should hit the escape
key once, not that he should hit the symbol "@".
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(ii) Commands with .. as Qutput (con't.)
NEGATE
MULTIPLY
INVERT
SCALAR MULTIPLY
DIAGONAL SUM

DETERMINANT

IA‘]. G



APPENDIX I

FORMATS

The program reads and writes all the matrices in fixed standard

format. This format depends on the number of columns the matrix has.

The following formats are used.

No. of Columns

1

2

9
10

Format

(E16.8/)

(2E16. 8/)

(3E16. 8/)

(4E16.8/)
(4E16.8/E20.8/)
(4E16.8/E20.8,E16.8/)
(4E16.8/E20.8,2E16.8/)

(4E16.8/E20.
(4E16.8/E20.

(4E16.8/E20.

Standard Fortran notation is used in the above list.

8, 3E16.8/)
8, 3E16.8/E24.8/)

8,3E16.8/E24.8,E16.8/)

For example the format E16.8 means that the number at input

and output appears with an explicit exponent, and 8 digits to the right of

the decimal point, while the complete number is right-justified in a

field of 16 spaces.

As is obvious from previous examples on input several relaxations

are usually employed:

(i) Early termination of a field by a comma.

(ii) Omission of the exponent.

(iii) Shift of the decimal point.

I
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APPENDIX II

EXAMPLES OF USAGE.

BFOS.
LOAD MAIN PROGRAM
FROM FILE MAT. (LIBRARY)
LOAD SUBPROGRAMS
FROM FILE FTL. (LIBRARY)
LOADING COMPLETE
470 WORDS OF STORAGE UNUSED
#3G
MATRIX MANIPULATOR (112-1)
< MATRICES
AA=2, 2,
AB=2, 2,
AC=45 4
TOO BIG
AC=4, 4,
ALL
< SCALARS
Ds
E»
ALL
START 11!
< AA, READ
1es2e>s
30)40:
<AA> AB, EQUATE
<ABs PRINT
« 10000000E 1
« 30002000 E 1
< AAs AB,MULTIPLY
< ..JPRINT

< 2000B0ZCE 1
«40000002E 1

. TCOBOGEGE 1 1G0B0BBHBE 2
-« 15GABBOCE 2 220083060 2
< LIST
NAME SIZE
.e 2 BY 2
AA 2 RY 2
AB 2 BY 2
AC 4 BY 4
D 1 BY 1
E 1 BY 1
< BB» TRANSPOSE tevecsee
VARIABLE BB NOT SET
< MATRICES
BB=1s 4,
ALL
< READ .
W’{AT? IR R RN R IR NN N AN
< BB’REED see s se s o0
VIHAT? CE NN N NN N )

< BBs READ

Loading of MM under FOS

Terminal comma omitted

BB not yet defined in a variable
1ist.

Unintelligible command.

READ misspelled.



1e22e¢3 3¢5 4de,
<BBs TRANSPOSE
<ess PRINT
- 19000C00F
- 2000C200E
« 3000000B0F
« 4000Q0020F

et pes

< AC>OMIT
< LIST
NAME SIZE
.o 4 BY 1
AA 2 BY 2
AB 2 EBY 2
D 1 BY 1
E 1 BY 1
EB 1 BY 4
< AAs INVERT
< +es PRINT

-« 20000000E 1 « 16003060E 1
« 15800CBBE 1 -.50000090F &

< AA,DETERMINANT
< e PRINT

~«200000C0E 1
< AA, EI GENVALUE
EIGENVALUE 1 «53722813E

« 45T42711E B

- 1000BG02E 1
EI GENVALUE 2 -+ 37228138E
+76111655E @

-.52223300E 0
< AB>NULL
< AB,PRINT
. 0OBO00OPE ©  .DBO0PDOOE ©
. 00COGOOOE . BBOORONOE B
< AAs STORE
FILE NO =2,
< AAsNULL
< AB,LOAD
FILE NO =2,
< AAs PRINT
. BOROORHOE
. BCOGEOORE
ABs PRINT
. 10000000E < 20000000E |
.30000000E 1 .+ 4000GOOOE |
AB»INVERT
«es AB,MUWLTIPLY
. +s PRINT
. 100000B0E 1 .00Q000APZE O
. D0DOROOPE © . 10000000E
< AB, BB, ADD
MATRICES INCOMPATIBLE ceesssecses
< STOP

Q@

«DODOCBOOE 0O
«D0DPOOBOE 0O

A
(SR

—

A A A

—

* STO P*x

+

AC has been deleted from the
list of matrices.

Value of AA has been stored on
file and retrieved again.

Operation attempted on
incompatible matrices.



PART 1I

"CLOSE™"

CONVERSATIONAL I_.INEAR OPTIMAL SYSTEM EXPERIMENTER

A CONTROL SYSTEM SIMULATOR



1. INTRODUCTION.

CLOSE is a Fortran II program written for SDS 940 time sharing
system to operate under FOS. At present it deals with linear time
ipvariant systems and can handle the follawing problems:

1. Discretization - Given 3 continuous linear system and a
step size it can compute the coefficient matrices for the equivalent
discrete system.

2. Riccati Equation Solution - For the discrete linear system
and a quadratic cost function, it can compute the solution of the dis-
crete version of the corresponding Riccati equation.

3. Simulation - A linear discrete feedback system g¢an be simur
lated with or withouf Gaussian white noise.

4, Filtering Problem - The optimal gains for a linear system
with Gauss Markov noise sequence can be computed.

The program operates in a conversational mode, i.e. the execu~
tion of the program proceeds in a question-answer form. No knowledge
of Fortran is necessary on the part of the user to run this program to
solve his problem even though the program operates under FOS. Prer
sently the program can handle problems with at most 10 state, control
and noise variables.

In this manual the standard convention is used that the underlined
parts of question-answer sequences are those typed by CLOSE, the rest
by the user. @ is used to indicate the carriage return that the user

must give.

2. COMPUTATIONS.

The problems accepted by CLOSE perform the computations

described in this section.

Ii-1




A. Discretization:
Consider a linear system described by the Eq. 1. For a specified

time step Aan equivalent discrete:linear system is given by Eq. 2.

x = Fx + Gu (1)

<{(k + 1)a} = ox(ka) + Du(ka) (2)

When F and G are constant coefficient matrices, ® and D are also
constant and have the analytic form given by Eq. 3 and 4.

o =el (3)

A
D:S Flat- G (4)
0

This part of the program computes & and D given F, G and A
The series expansion for the right-hand side of Eq. 3 and 4 is used,
summihg the first 35 terms of the series. If the trace of the coeffi-
cient matrices changes by less than 10-5, the series is terminated
earlier.

The method used for this part is very similar to the method
used in ASP [5], for exponential routines.
B. Riccati Equation Solution:

Consider a linear system described by the difference Eq. 5.

If we want to minimize a cost function J given by Eq. 6

(i + 1) = ox(i) + Du(i) (5)
N-1

7 = x L (N)S(N)x(N) + Z xL(1)Ax() + u’ (i)Buli) (6)
=0
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the optimal control is given by

S0 -{DTsi + 1)D + B} 'DTs( + 1)ax(i)

K(i)x(i) (7)

where S(i) is the solution of the equivalent Rigcati equation for this

problem defined by the Eqs. 8, 9 and 10.
R(i+1) =S + 1)D{D s + 1)D + B} "} (8)
P(i+1)={I-R(i+ 1D }si+1{1-RGE+1D}T
. T,
+R(i+1)BR (i +1) , (9)

S(i) =@ Pi + 1)o + A | | (10)

This part of the program computes the values of S(i), starting
backwards from S(N), and the feedback gain matrix K(i).

The feedback gains computed this way are the same for the
discrete system and the equivalent continuous system but the values
of S are out by the factor of the step size.
C. Simulatian:

qu a linear discr‘ete system with Gaussian white noise the
system equation may be written as

x(i +1) = gx(i) + Du(i) + I'w(i) (11)

This part of the program simulates this equation in a feedback
environment, i.e.

u(i) = Kx(i) (12)
where K may be the asymptotic value of K(i), or any other constant feed-
back gain matrix.

w is a Gaussian white noise sequence with mean a and a diagonal

covariance matrix which is treated as a vector P by this program.
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The names used by CLOSE for the matrices defined in this
section are given in Table 1. '
The only coméutations performéd by CLOSE are those described
in this section so far. The user may, however, use these computations
for some othe.r problems by discovering the correspondences. One such
example is the Filtering Problem.
D. Filtering Problem:
Consider the system described by Eq. 13 and 14, where w(k) is a
white noise sequence N(W, Q), z is a measurement vector, and v is a
second white noise sequence N(O, R):
x(i +1) = @x(i) + T'w(i) (13)
z(1) = Hx(i) + v(i) (14)

For the best estimate of x we have

(1) = %(i) + P()HTR({) Hz() - Hz(i)) (15)
(i + 1) = o&(1) + I'w(i) (16)
P(i) = M(i) - ME)H {HMHHT + R} HM() (17)
M@+ 1) = @P(i)o| +i0TT (18)

A correspondence exists between equations 17, 18 and equations
8, 9, 10. Realizing this the user may use the computations done in

Part B for computing the variance equation results for this problem.

3. PROGRAM DETAILS.

This program is to be loaded under FOS from file /CLOSE/.
The ‘details of the loading procedure are described in Appendix I. The
program operates under FOS monitor and its execution for any problem
may be divided into 4 phases. Figure 1 shows a very basic block diagram

for the program with the phases of its execution.
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Matrix Name Name Used by CILQSE File Name

@ ' PHI /PHI/
D /D/

F F /F/

G G /G/

x X /%/

K K V494

r GAM /GAM/
a AV /AV/
B VAR /VAR/
s s /s/

A A /A/

B B /8/

Table 1. List of Matrix and File Names Used by CLOSE
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SIMULATION

OISCRETIZATION

PHASE 1 WHAT PROBLEM
_______________ RICCATI_ ) o - =
_PHASE T READING READING READING
PHASE IO EXECUTION EXECUTION EXECUTION
____________________ - --
RE - ENTER

REPEAT OPTIONS

FIG. 1 FLOW DIAGRAM FOR CLOSE



3.1. PHASE I. Problem Selection Phase.

—

This is the first phase of the program, which is automatically
entered at the beginning of a run. The information that CLOSE wants
in this phase is the name of the problem the user intends to solve. The
user identifies the problem by typing the name of the problem, i.e.
DISCRETIZATION, RICCATI EQUATION or SIMULATION as the
answer to the question WHAT PROBLEM ? which CLOSE asks first.
An example follows:

WHAT PROBLEM ?
RICCATIL,(®

The sequence above is a typical example of the question-answer struc-
ture of the program. Generally, if CLOSE does not recognize an
answer given by the user it gives an error message and repeats the
question (for details of error messages see Section 4). Note that
CLOSE uses only the first 3 characters of the name to identify the
problem. Therefore the user need not type any more characters.
However, THE USER MUST TERMINATE HIS ANSWERS BY A
COMMA and this applies to all the answers he gives,

After receiving and identifying the name of the problem as
acceptable, CLOSE selects the appropriate branch to take for the

subsequent phases and proceeds to the next phase.

3.2. PHASE II. Data Acceptance Phase.

Having identified the problem, in this phase CLOSE demands
all the relevant input data. The first information asked for is the
dimensions of the system vectors. CLOSE initiates the following

sequence:
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DIMENSIONS:

STATE = 2{®
CONTROL =2®
NOISE =1,®

On wanting the numerical values of dimension the computer
waits after giving a double bell on the console, whereupon the user types
the number in, not forgetting to follow it by a comma and a carriage
return. Note that only the required vectors for the particular problem
appear in the sequence.

Next CLOSE asks for the values for the relevant matrices for
the problem. For each matrix in turn CLOSE initiates the following
sequence,

READ {a} MATRIX ?
YES,®

TYPE ?

YES,®

GO ON !

1.0,2.0,®

2.134,4.606®
DONE !

Here CLOSE first asks if the user wishes to input values for
the matrix {a}, where {a} is one of the matrix names given in Section
2. A "NO" answer is only valid if CLOSE already has values in its
working storage. Otherwise the user must, at this point, decide
whether he wants to type the values in from the console or read them
from a reserved file. If he énswers "YES" to "TYPE ?" CLOSE
returns "GO ON" and expects the vaiues to be typed in; otherwise
values are taken off the file. In either case, on completion of reading
CLOSE types t;DONE” and a new sequence follows.

Comment 1. Whenever the user types the values of the elements of

any matrix from the conscle, they are also stored in on the reserved

file so that the user does not have to type the same numbers again.
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Comment 2. When the user wants to read the values for S in RICCATI,

or K and X in SIMULATION from the file he may be interested in
using other than the first stored value. CLOSE provides this option
by asking the following question,

USE N-TH STORED VALUE OF K FROM FILE
WHERE N=__5,®

Comment 3. When CLOSE asks for the values for S in RICCATI it is
asking for the value at the final time, i.e. S(N) because it solves the
equation backwards. The value of X asked in SIMULATION is the
starting value.

For the details on typing format for the matrix values see
Section 5.

3.3. PHASE IIl. Execution Phase.

In this phase CLOSE carries out the main body of the computa-
tion associated with the user's problem. In this phase too, the data
resulting from the solution is output. Each of the problems has its
own peculiarities so that the question-answer sequences do not follow
he same order.

For the RICCATI and SIMULATION problems only, CLOSE re-
quires information on time indexing. For these two problems only,
then, the following sequence is initiated,

SET INDEXING ?
YES,®
STARTING INDEX =10,@

NUMBER OF STEPS =10
NUMBER OF STEPS BETWEEN OUTPUTS =5

In control problems it is usual to solve the Riccati Equation

backwards in time, so in this case the number of steps has a negative

sign. .
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The next sequence initiated by CLOSE is the same for each

problem,

STORE VALUES ?
YES,®

EXECUTE ?

YES,

A "YES" answer to the first question of the sequence results in
the storage on their appropriate file, of the values that are printed out
as output during the execution. Note that the files for S, K and X will
have many matrices stored on them. Otherwise no values are stored;
they are only printed out on the console. A "NO" answer to the next
question transfers CLOSE to a "REREAD" point in Phase IV described
in 3.4; otherwise the actual computations follow. For the formats of
the output see the example in Appendix II.

Additional informaticon about the step sizeé Ais 'requiréd for
DISCRETIZATION. CLOSE asks for this before starting the computations
in this case and then proceeds with the computations.

3.4. PHASE IV. Repeat Options.

Remaining within the control of CLOSE this phase allows the
user to go back in any other phase at different levels. The following
sequence is initiated by CLOSE in this phase for RICCATI and
SIMULATION, being relevant only to these problems,

RE-EXECUTE ?
NO,@

RE-INDEX ?
NO,®

A "YES" answer to the first question takes CLOSE back to Phase
III after EXECUTION ? and a new set of computations takes place. Note

that this re-execution starts with the last computed value of S or X
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(depending on RICCATI or SIMULATION being the problem) as the new

starting value, indexing being the same (see example in Appendix II).

When the user answers "YES" for "RE-INDEX", CLOSE goes back to

the beginning of Phase‘III. Note that still the last value of S or X is

used as the new starting value. A "NO" answer makes CLOSE initiate

the next sequence. |

The sequence described next follows Phase III for the

DISCRETIZATION problem. It also follows a "NO" answer to "EXECUTE Yl
in Phase III.

RE-READ ANY MATRICES ?

NO,®

START AGAIN ?
NO, ®

A "YES" answer to the first question takes CLOSE back to the
reading matrices level of Phase II. A "YES" answer to the next
question takes CLOSE back to the beginning of Phase II and CLOSE
asks for DIMENSIONS again; otherwise the next sequence follows,

ANY OTHER PROBLEM ?
NO,®

A "YES'" answer to the question above takes CLOSE back to the
beginning of Phase I and now the user has the option of selecting a dif-
ferent problem. A "NO" answer completes the run of CLOSE, the
control is transferred back to FOS.

The user may find the flow diagrams in Figs. 2 and 3 of use in

describing the flow through the program for the individual problems.
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4. ERROR PROCEDURES.

The errors encountered in a run of CLOSE may be divided into
two groups. As CLOSE operates under FOS a Fortran error may
occur; in addition, there are some types of errors for which CLOSE
checks by itself.

Fortran errors are most likely to occur during input-output.
The user can recognize this type of an error by the + sign typed by
FOS after the error message (indicating the return of control to FOS).
When the user detects an error of this type, a new entry into FOS is
recommended, after going back to the executive level by hitting the
escape key twice.

The type of errors that the user may encounter more often
fall in the second category. When, answering a question the user
commits a typographical error, making the answer unintelligible
for CLOSE, the message WHAT ?is typed by CLOSE followed by the
repetition of the question.

If the user types in the dimensions of the system vectors as
more than 10, a message TOO BIG is generated by CLOSE followed
by the repetition of the questions about the dimensions. Note that
this may happen when the user forgets to terminate the numerical

value of dimension by a comma.

5. TYPING THE MATRICES FROM THE CONSOLE.

When the user is typing the values for the matrix elements for
any matrix in Phase II of the program, he has to type the numbers
row by row after CLOSE has indicated its readiness to accept the
new row of values by sounding a double bell on the console. Each
entry of the row is terminated by a comma. The vectors are also typed

in as a row.
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READ {a} MATRIX ?
YES,@

TYPE ?

YES,®

GO ON !
1.3,1.41,2.567,3.45 @
2.67, @ |
0.0,1.39,2.67,1.4,@
0.98,0

DONE !

Here {a} is a 2 by 5 matrix. CLOSE gave a double bell before
the user typed 1. 3 and 0. O the first elements of the rows.

CLOSE does not accept more than 4 numbers to a line. There-
fore when matrices with more than 4 columns occur, each row is typed
in order, 4 entries per line using up to 3 lines where necessary. Each
new row must, however, start on a new line and after the double bell,

Although it is not necessary for the user to know the exact
formats used in the program for the input and output, a complete

listing is provided for the interested users in Appendix III.

6. FILING SYSTEM.

CLOSE requires a set of 12 files defined as 'PRIVATE', on
which matrices are stored as they are typed on or generated as the
output in the computations, so that if the occasion arises to read a
matrix again during a run it need not be typed again, but may be
read from file. Also, these files will have the values stored on them
when the user logs-out, which he may use next time he intends to
execute some problem. Each matrix is assigned a reserved file
name and Table 1 contains a complete list of the file names used.

The user must define the 12 files as 'PRI' before running

CLOSE, otherwise a Fortran error will occur. Files are auto-

matically created as 'PRIVATE'.
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APPENDIX I

LOADING PROCEDURE

This section is for the benefit of those users who are unfamiliar
with the SDS 940 system completely, and describes how to enter and
load the program in FOS.*

After getting connected (by dialing 2 from an internal line),
the system wants some information about the account number, pass-word,
and name. If these are acceptable, the system types @ which is the
trade mark of the executive mode. The sequence is shown below. Now
the user has to type 'FOS. ' and load the main program from /CLOSE/.

HARVARD TIME SHARING SYSTEM (Dg@-H16):. 1g-6-67
NOV 1, 1967 11:43 A M.

ACCOUNT: 11§
PASSWORD:
NAME: AGRAWALA.

@ FOS.

LOAD MAIN PROGRAM

FROM FILE /CLOSE/

LOAD SUBPROGRAMS

FROM FILE FTL. (LIBRARY)
LOADING COMPLETE

998 WORDS OF STORAGE UNUSED
G

CLOSE also requires library subprograms to be loaded from FTL. When
the system types back the + sign it is ready for a run and a '; G' will

pass the control on to CLOSE and a run of CLOSE will follow.

This applies only to the Operating System at Harvard University.
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APPENDIX II

EXAMPLE - LATERAL AUTOPILOT PROBLEM

Let us consider a 1051bs. aeroplane flying at 30,000 ft. with a
velocity of 500 m.p.h. The equations of lateral motion for the aero-
plane may be written as follows.
B =-0.0297B - r + 0.0438¢ (II-1)

¥ = 0.331p - 0.0042r - 0.0461p - 0. 06685a - 0. 3796r (I1-2)

p=-1.1358 + 0.1286r - 0.795p - 1. 5875a - 0. 04045r (II-3)
$=p (II-4)
Y= (II-5)

where (see Fig. 4 )

B = sideslip angle

r = yaw angular velocity
p = roll angular velocity
¢ = roll angle

Y = yaw angle

0

N aileron deflection

o

r

rudder deflection

The system equations may be written in matrix form as

x=Fx + Gu (I1-6)
where _
-0. 0297 -1. 0. 0. 0438 0.
0.331 -0. 0042 -0. 0461 0. 0.
F = -1.135 0.1286 -0, 795 0. 0.
0. 0. 1. 0. 0.
0. 1. 0. 0. 0.
L _
and
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F-O. 0 ]
-0. 0668 ~0. 379
G={-1.587 -0. 0404
0. 0.
._.O' 0. —

treating B, r, p, ¢ and ¥ as state variables and Ga’ Gr as control varijables.
We want to find the steady state feedback gain matrix K which minimizes
the performance index

t

f
J= lim 5 {52 + 62 + 144[(B + 1,0)2 + ¢2]} dt (II~7)
7 2t S

Note that we are treating this as a regulator problem.

The following pages show the results of an actual run of CLOSE
to solve this. The system equations are first discretized with a time
step of 0. 03 and the Riccati equation is solved to compute the gain
matrix. This gain matrix is then used for a simulation with no noise

terms.
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+3G6

WHAT PROBLEM?

DISCRETIZATIONS

DIMENSIONS:

STATE

CONTROL

READ F MATRIX ?

YESs

TYPE?

YES»

GO ON!

i

PROGRAM LISTING

5,
2,

~Be029Ts~10sBesCeB43Y,

Beo s

Be331s=0ePD42, -0 DA615> Des

Qes

~ 1135, 0.12865-0.7955 8.

0.’
BesBoslesDes
Beos
Dos les Bes Qe
0.’
DONE!
READ G
YES,
TYPE?
YES>,
GO ON!
Qe s Be>
- B668,-0s 379,
- 1 . 587) -@o EAB“)
DBesQeo
Bo » Z"
DONE! -
STORE VALUES?
YES,
EXECUTE?
YES,
*%x START* *
STEP SIZE=0.03»
PHI
«99895996E @
« PR0OBOOVE
«99 47799 4E~ 2
« QOO0 OOO0E
-«33611431E- 1
«GDBRBADRE
-+50634638E~- 3
« ANQGOBOOE
«149 13486E- 3
- |1000PBOOE

MATRIX ?

D

-« 29983208E~ 1
]
«99972211E &
{4
« 4318 4378E~ 2
¢}
« 625149 4BE~ 4
14}
« 2999653 6E-
1

« 4012048 BE~

-«13664173E~

«9 764239 5E

« 29645060E-

-+« 205792@3E-

—

«29411011E- 4 « 172471608E~- 3
~e19711134E- 2 =~.11367876E- 1
-« 47050854E- 1 -.12213413E~- 2
-.70854678F- 3 =-.18268B843E- 4
-.29730720E- 4 -.17G53011E- 3

NDONE!

REREAD ANY MATRICES?
NO»

START AGAIN?

NO»

ANY OTHER PROBLEM
YES»

?

« 13133492E-
«65321038E-
-+ 221779 77E~
«999999 78E

« 65240050E~



WHAT PROBLEM?
RICCATI
DIMEN SIONS:
STATE = 5

CONTRQL = 2,
READ A MATRIX ?
YES>
TYPE?
YES»
GO ON!
1440 5 0o s BesBes
144+,
QesBelsDesBios
Des
Bes>CesBDesDee
Qe »
g.,@.:@., 1440:
Go s
144-:0-:0-:@-:
144.)
DONE!
READ B M™MATRIX ?
YES»
TYPE?
YES»
GO ON'!
1es@es
Desles
DONE!
READ S MATRIX ?
YES>»
TYPE?
YES,
GO ON'!
00)@0:0-}@000-’
Des
Des»QDesQesBesBes
Q)-n
BesBesDesBes
Bes
BeosBesBesos
Bes
BesQesBasBes
Des
DONE!
READ PHI MATRIX ?
YES,
TYPE?
NO»
DONE!
READ D MATRIX ?
YES,
TYPE?
NO.»,
DONE!
SET INDEXING ?
YES,
STARTING INDEX = 508,
NUMRER OF STEPS = -580,
NUMBER OF STEPS BETWEEN OUTPUTS
STORE VALUES?
YES,
EXECUTE?
YES,

250,



*k START* *

S¢C 580

- 00000000 @
- P0DODDOOE

- P0PQVOBOE ©
- 00000V00E

- P0POVOODE O
« 00000 000E

- QDOOQOROE 0
« 000V 00OE

- 00000000E ©
« Q00000O00E

K ¢ 580
- 0000DVOPE @
- 00B0RO00E
- 0000QBORPE O
- 00020 0B0ODE

SC 250
«19765817E 5
+» 20345639E
«93227613E 3
+ 983546 42E
-« 16509862E 2
-+.24110830E
«25768711E 3
«27872463E
+20345611E S
« 2098 689 3E

K ¢ 25
«90707681E 0O
« 16739632E
«10477964E 2
«11267146E

S( 2>
«21399978E S
«22056647E
«98396181E 3
-« 10393001E
-+15122281E 2
-. 18395783k
«27904626E 3
« 30095553k
«22056668E 5
« 2278 1539E

K (¢ 2
«10620361E 1
» 1835629 1E
« 11854133 2
« 11688354E
DONE!

RE-EXECUTE?
NO»

RE=INDEX?

YES,

SET INDEXING ?
YES,

«300CR000E
?@ﬂ@@@@ﬂ@E
?GGGQGGZGE
?GGEQZGQQE
?ZQQQZEG@E
1]

~2R0R000O0E
]
- 0000000CE
4]

«93222289E
?15082637E

-?25119123E
356672545E
?98349360E
)

- 18090235E
1
« 17031543E
2

«98392360E
5
«15811561E
4
-+« 27388854E
1
«63894415E
3
« 1939259 7E
5

« 184199 73E
1
»17851298E
2

« 30000Q0B0E
- Q000000BOE
-« Q00D0ROE
« Q000ROO2E

-« 000000 OE

- 00PVOBGOE

- PPOVOPOOE

-« 16507317E
-+25117821E
-« 7203408 2E
«25219959E

-« 2408 5421E

« 32834168E

«51364068E-

-+ 1512049 3E
-+ 27388 108E
« 7204818 3E
« 25221533E

-+ 10376360E

« 32836240FE

« 4880269 3E-

2

4]

17

0

7]

(%

]

2

2

3

1

1

1

2

1

2

3

1

1

1

- 00020020
- 00000000E
- 20000000
- 0P000ROOE

- Q000DD00E

- POOOCOOOE

» 00DOBOO0OE

« 25768 488E
« 56679 358E
« 252199 49E
«16468659E

» 2787219 BPE

«11079835E

«33789315E

«27904573E
« 63898331E
«25221522E
«16471519E

« 3009 5549E

« 1108 18 42E

«34597157E



STARTING INDEX = 8,

NUMBER OF STEPS =-

NUMBER OF STEPS BETWEEN OUTPUTS

STORE VALUES?
YES»

EXECUTE?

YES,

* %k START**

S¢ 2
«21399978E 5
«22056647E
«98396181E 3
«10393B01E
-+15122281E 2
-+« 10395783k
+27904626E 3
« 3009 5553E
«22056668E 5
«22781539E

K (¢ 2
« 10620361E 1
« 1835629 1E
«11054133E 2
« 11688354E

SC =19

«21402198E S

« 2205899 SE
«98421698E 3

« 10395638E
-+ 15128981E 2

-+ 1P466839E
«27908025E 3

« 30099 129E
«22059@12E 5

.« 227839 72E

K ¢ =12

- 18522028F 1

10,

«98392360FE
5
« 158 11561E
4
-+ 27388854E
1
«63894415E
3
« 1039259 7E
S

«18419973E
1
«17851298E
2

«98418041E
5
+ 158 15377E
4

-« 27401698E
1
¢« 63933246E
3
¢ 10395242E
S

18421360F

17855608E

D ® we

« 18357953E
« 11057023E 2
«11691341E
DONE!
RE-EXECUTE?
NO.,»
RE-INDEX?
NO.»
REREAD ANY MATRICES?
NO»
START AGAIN?
NO.»

ANY OTHER PROBLEM?

YES.

WHAT PROBLEM?

SIMULATION

DIMEN SIONS:

STATE

CON TROL
NOISE

25
1,

10,

-+ 15128049 3E

~+27388 108E

« 72048 18 3E

«25221533E

-+ 18376360FE

« 328 36240E

« 4880269 3E~

-«15127301E

-+274007S0E

«712048269E

+25221565E

-+ 1044799 5E

«32836254E

+ 4878829 1E-

«27904573E
«63898331E
«25221522E
«16471519E

« 3009 5549E

+ 1108 18 42E

«34597157E

«27908013E
» 6393808 6E
« 25221S59E
« 16471559E

« 30099 147E

« 1108 1859E

« 34601569E



READ PHI
YES,
TYPE?
NO s
DONE!
READ
YES,
TY PE?
NO s
DONE!
READ GAM MATRIX
NOs
READ
YES,
TYPE?
YES,
GO ON'!?
0-:0-’0-:@-:
les

DONE!

READ K MATRIX
YES,

MATKRIX

D MATRIX

X MATRIX

TYPE?

NO»

USE N-TH STORED
WHERE N= 2,
DONE!

READ AV  MATRIX
NO.»
READ VAR MATRIX

SET INDEXING ?
YES.,
STARTING INDEX

VALUE OF K FROM FILE

?

?

= D

NUMBER OF STEPS =208,

NUMBER OF STEPS BETWEEN QUTPUTS =

STORE VALUES?
YES,
EXECUTE?

* %k START**

X( 2)

- BONDBOOOE

19,

14 «000PGGROE 0 -« 20000000

« 1000000CE 1

X 1
« 18835798E
«8106290
X 2®

«68B587141E

@ -.12058103E 1 -.3530@09251E

BE @

P -.20989124E 1 -.13214357E

«30775456E 0

X« 30

« 14831124E
-+ 4208736

XC a4

«22583128E

1 =-.27141081E 1 « 25705458E-

4E 0

1 -.30679838E 1 «6462T7447E~

-+ 12944667E 1

o

Q

« 000B0000E

-+B2960647E~

-« 15794831E

-+ 17028 470E

-+ 15460570F

—



X<

X<

X<

X(

X<

X<

X<

X<

X<(

X<

X¢

X<

X<

X<

X<

X<

59
«3175183%9E 1}
~+22374426E

60
e 408 5S3047E |
-+ 31816352E

72
«49306388E 1
-« 40687248E

80)
¢« 5664941S5E 1
-« 48517149E

920)
» 62542322E 1
-+ 54954835E

100>
e 66765530E 1
-+ 59766889E

119
«69212751E 1
-« 62831637E

120
«69879852E 1
~«64129211E

1300
«688510Q73E 1

-«63728508E
149)

«66283111E 1
=e617T1765E

150)
*+ 62388130E 1
-+ 58458 402F

160
«57416531E 1
-« 5402829 4E

179
+51640527E 1
=+ A8 T45258E

188
«4533B717E 1

-+ 42882023E
199

«38782542E 1
-« 367@6557E

208>
« 32224799E 1
-+ 30470B588E

DONE!

-+ 318087 425E
1

=+30815799E
1

- +«28063523E
1

-+23941S89E
1

-+ 18847437E
1

-« 13166057E
1

-+ 72553260F
1

~+14341823E
1

« 4026 1382E
1

«B9075600F
1

« 13047629E
1

e 16339 428E
1

« 187289 39E
1

«20210219E
1

«20819461E
1

«20627708E
1

*56345921E-~

*+ 43798033E-

*«36480707E~-

«32362656F-

«29053514E-~

«25769257E~

« 22539354k~

» 19530063E-~

«16838075E-

+ 1448859 AE-

¢« 12479 472E~

* 10806043E~

+94518406E~

+83876319E~

+ 758 4004A0E-

e 7T0BS5T245E~

-« 13594767E

-+ 1209 5898E

e 10896 T48E

+¢98624515E~

-+«89371196E~

~+«B1116473E-

-+ 73858 1 70E~-

~e67554075E~

-+ 62120458E-

=+ 57455492~

e+ 53454609E~

~+ 50014259E~

-+ 47033276E-

~+A44418194E-

-+« 42083659E~

-+ 3995488 5E~



RE-EXECUTE?
NO»

RE-INDEX?

YES,

SET INDEXING ?

STARTING INDEX = 200,

NUMBEK OF STEPS = 300,

NUMBER OF STEPS BETWEEN QUTPUTS
STORE VALUES?

NQO»

EXECUTE?

YES,

*k START* *

X 200)
« 32224799E 1 «20627703E
-+ 304AT0S83E 1

X¢ 250
«60135410E 0 « 11605460E
-+ 50784415E @

XC 303
-~ 24049607E 0 «27505855E-
« 33079682E 0

XC 350
e 15476664E O ~+41437521E
-« 61303637E~ 1

X< 4818)
«658TSB64E @ =-.21740733F
-+ 58533625E @

XC 450
«69087664E 0 « 1143788 1E
- 64982442E 0

XC¢ S0
- 370210628 0O «23610332E
-+.35371136E 0O
DONE!

RE-EXECUTE?
NO»
RE-INDEX?

REREAD ANY MATRICES?
YES,

READ PHI MATRIX ?
NO>»

READ D MATRIX ?

READ GAM MATRIX ?

READ X MATRIX ?
YES,

TYPE?

YES»

GO ON!
DesDesBesles

Z.,

DONE!

S50,

« TRBS57245E-

«61871073E-~

« 5967298 3E-~

e 46189 466E-

« 266749 1 4E-

«11862807E-

« 58424451k~

2

2

2

2

-+ 3995488 5E-

-+ 305658 64k~

-.214108 62E-~

-+ 1329 1632E-

-« 7784928 3E~

-+ 49999 449E~

-+ 38007454E-



READ K MATRIX ?

NO»

READ AV MATRIX ?

KREAD VAR MATRIX ?

SET INDEXING ?

YES,

STARTING INDEX = @,
NUMBER OF STEPS =190,

NUMBER OF STEPS BETWEEN QUTPUTS

STORE. VALUES?

NO»

EXECUTE?
YES»
*x START®*

X¢

X<

X«

X<

X<

X<

X<

X<

X<

X<

X¢

2)
. REODCROOE O - OBORYCCOE
- POOROCACE O

10)
«32164932E- 1| =-.92761340E~
-+e21472685E~ 1

20
«56577653E- 1| -.42362356E~-
-+ 42272089E~ 1

30
«62977369E- 1 =-.82378571E~-
-.43982101E- 1

40)
«63051131E- 1 ~«26796383E~
-+ 50148722E- 1

SO
«63578302E~ 1 ~-.70368086E~
-+51545726E- 1

60)
e 65641578E- 1 -+ 108631131E~-
-+ 54264992E- 1

79
e 68405267E- 1 -.11393112E~
-+«57632097E- 1

80
«71047990E~ 1 =-+10155628E-
-+ 609PBTSSE~ 1

29
e 73107220E~ 1 =-.T78170176E~
-+ 63616420E- 1

100>
e T4345068E~ 1 =-.4383582633E-
-+ 65529299k~ 1|

8

1

10,

- AOOACOR0E

-« 19568347E

-+ 93152568E

-e 143471B6E

«7565119 1E~

*«58666209F-

e 16700100E-~

-+ 75611213E~

-« 26461770FE-

~«88173976E~

« 227333 02E~

« 1900REBRE

« 55620067E

« 10969 500K

-.34981078E~

-+35@051837E~

-+ 12636030E~

-. 18066260E-

« 7182206 70E~

-+ 70473778k~

-+ 1241338 |E~

-+« 13118957E-

hy



DONE!
RE-EAXECUTE? \
NO»

KE=INDEX?

NO»

RERFAD ANY MATRICES?
N »

START AGAIN?

NO»

ANY OTHER PROBLEM?
NO»

*STOP+
+



APPENDIX III

FORMATS

The program CLOSE reads and writes all the matrices in fixed

standard formats depending on the number of columns of the matrix.

The following formats are used:

No. of Columns

1

2

9

10

Format

(E16.8/)

(2E16.8/)

(3E16.8/)

(4E16.8/)

(4E16.8/E20.8/)
(4E16.8/E20.8,E16.8/)
(4E16.8/E20.8,2E16.8/)
(4E16.8/E20.8,3E16.8/)
(4E16.8/E20.8,3E16.8/E24.8/)
(4E16.8/E20.8,3E16.8/E24.8,E16.8/)

Standard Fortran notation is used in the above list.

For example the format E16.8 means that the number at input

and output appears with an explicit exponent, and 8 digits to the right

of the decimal point, while the complete number is right-justified in

a field of 16 spaces.

As is obvious from previous examples on input several relaxa-

tions are usually employed:

(i) Early termination of a field by a comma.

(i1) Omission of the exponent.

(iii) Shift of the decimal point.

Ii-29
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